By the combination of energy and macronutrient balances, continuous open circuit computerized indirect calorimetry, and anthropometry, we have compared small for gestational age (SGA) and appropriate for gestational age (AGA) very low birthweight infants with respect to metabolizable energy intake (mean ± SE: 125.9 ± 2.5 versus 130.4 ± 3.5 kcal/kg-day), energy expenditure (67.4 ± 1.3 versus 62.6 ± 0.9 kcal/kg-day), storage of energy and macronutrients and growth. Fourteen studies in six SGA infants (gestational age, 33.1 ± 0.3 weeks; birthweight, 1120 ± 30 g) and 22 studies in 13 AGA infants (gestational age, 29.3 ± 0.4 weeks; birthweight, 1155 ± 40 g) were performed.
versus 4.26 ± 0.26 kcal) reflecting higher water, lower fat (22.2 ± 1.8 versus 33.8 ± 2.5%; P < 0.001) and lower protein (7.7 ± 0.5 versus 12.5 ± 0.8%; P < 0.001) contents of weight gain in the SGA group. Abbreviations SGA, small for gestational age AGA, appropriate for gestational age VLBW, very low birth weight
The infant who has suffered from intrauterine malnutrition early in the third trimester of pregnancy is potentially at risk for continued growth retardation (1, 12) , as well as learning and behavioral problems (2, 13, 28) . These disorders appear to be more prominent among those children whose growth failure began before 26-34 weeks ofgestation, in a pregnancy proceeding until near term (II, 16) . These findings have encouraged the delivery ofSGA infants well before term in an attempt to decrease perinatal mortality (41) and to avoid further undernutrition at a critical period of rapid growth rate (42). In order to devise proper feeding regimens for these high risk infants, the metabolic consequences of intrauterine growth retardation need to be understood.
The hypermetabolism of malnourished newborns has been described by a number of authors (20, 33, 35) . However, a quantitative evaluation of the energy metabolism and substrate utilization in SGA infants of VLBW kept on the same diet as AGA matched controls has not been previously documented. We have evaluated and compared the utilization and storage of energy and macro nutrients as well as the quality of growth of preterm VLBW SGA and AGA infants.
PATIENTS AND METHODS
Fourteen studies were undertaken in 6 SGA VLBW «1300 g birth weight) infants. All were below the third percentile at birth for weight, length, and head circumference as determined from Usher's intrauterine growth charts (40). Gestational age was calculated from the mothers' last menstrual period and confirmed by clinical evaluation (10). In four, the growth retardation was due to maternal toxemia or hypertension, and no cause was determined in the remaining two infants. No malformations or intrauterine infections were documented. Three studies were conducted for three of the infants, and in two infants, two studies were performed, at intervals of lor 2 weeks. For comparison, 22 studies in 13 AGA VLBW infants of similar birth weight and postnatal age are presented. The clinical characteristics of these two groups of VLBW preterm infants, cared for under the same thermoneutral conditions (19), are shown in Table 1 .
Patients selected for this series ofstudies have met the following criteria : I) birth weight is less than 1.3 kg; 2) they were either appropriate for gestational age (AGA group) or small for gestational age (SGA group) as assessed from mother's last menstrual period and clinical criteria (10, 40, 41) ; 3) they were free from congenital anomalies and intrauterine infections; 4) they were . E~c.h study was comprised of the following measurements: I) nutritional balance on 3 consecutive days' 2) continuous open circuit indirect calorimetry with simultaneous measurement of urinary nitrogen excretion on the 2nd day of the balance; 3) anthropometry. The technology was described in detail in our previous publications (6, 18, 30, 31, 39) . Informed parental consent was obtained.
Nutritionalbalance. The nutritional balance comprised measure.ments over 3 days of intake. (formula: SMA 20j24) and losses (unne and stool) ofmacronutnents, as previously described (31). Infants were fed according to the standard practice in our unit. The volume of formula was increased as tolerated. At the age of 2 weeks, the SMA 20 kcal/ounce was changed to SMA 24 kcalj ounce m order to provide a caloric intake above 140 kcal/kgday. Macronutrient intake was determined from the volume of feeds retained and the manufacturer's stated content ofsubstrates in the formula. (18, 39) and monitoring of constancy of environmental conditions. From changes in core and mean skin temperatures, heat storagejloss were calculated over the time of the study assuming a specificheat of body~ass of 0.84 kcal/kg.·C (I 8, 39). Activity was continuously momtored by an experienced observer and scored on the Briick scale (4) enabling differentiation of metabolic rate measured under resting conditions, from the metabolic rate measured under graded levels of activity. Resting metabolic rat.esyvere det~rrnined for periods of 10 to 30 min preprandially (~~hm 1 h pnor to a feed), with the infant in a resting state (i.e. Bruck scale of -3, -4) for at least 10 min prior to the measurements. The resting metabolic rate was obtained in nine studies in the SGA group and 14 studies in the AGA group.
Anthropometry. The growth pattern was determined from increments in weight (gjkg· day) , length (cmjweek), head circumference (cmjweek). The baby's weight was measured daily using an Air Shields balance (Narco Heath, Hatboro, PA). In order to minimize errors, weight gain was obtained by averaging the daily measurements~ver the week bracketing the balance study. Length was obtained on a measuring board; occipitofrontal head circumference was measured with a tape weekly.
Statistical analysis. For statistical evaluation of difference
between means, the two-tailed Student's t test was used.
RESULTS
The routine feeding schedule provided SGA and AGA infants with similar mean ± SE volumes of formula (185 ± 2 versus 180 ± 3 ml/kg -day) , and as shown in Table 2 , comparable energy and substrate mtakes: Energy losses in excreta were significantly greater (P < 0.00 I) m the SGA infants, due to a significantly poorer absorption (%) offat (68.7 ± 3.2 versus 79.7 ± 1.7; P < 0.005) and protein (69.1 ± 3.2 versus 83.4 ± 1.5; P < 0.001).
Consequent to the SGA infants' relative malabsorption their metabolizable protein intake was significantly lower (P < 0.001).
However, t~e me~~l~ble intakes of energy , fat, and carbohydrate remained similar m both groups, as the SGA infants had received a slightly higher gross intake.
.Energy utilization and storage. SGA infants presented a sigmficantly higherU" < 0.001) mean metabolic rate (67.4 ± 1.3 versus 62.6 ± 0.9 kcal/kg-day) (Table 3) . Under resting condi- * Results are expressed as mean ± SE; NS, not significant. tions, the "basal" energy expenditure of these VLBW infants, measured as the resting preprandial metabolic rate (31), was also higher (P < 0.05) in the SGA infants. Thus, an increased energy cost of activity could not explain the relative hypermetabolism of the SGA infants. This further was documented (Fig. l) by the partition oftime spent by both groups at defined levels ofactivity. The SGA infants spent 42.8 ± 5.0% of the time in quiet sleep (Bruck scale, -4, -3), compared with 29.4 ± 6.5% for AGA infants although these differences were not statistically significant. Furthermore, comparable values for heat storage (1.2 ± 0.2 versus 0.9 ± 0,01 kcal/kg-day) could not account for the 4.8 keel/kg-day larger total energy expenditure ofSGA infants.
Of the metabolizable intakes of 125.9 ± 2.5 and 130.4 ± 3.5 kcal/kg -day, the SGA and AGA infants expended 67.4 ± 1.3 and 62.6 ± 0.9 kcal/kg -day, respectively. The remaining energy (58.5 ± 3.6 and 67.8 ± 3.0 kcal/kg -day), stored in components ofnew tissue ( tion in nonprotein heat production of 83% from carbohydrate and 17% from fat oxidation (24), whereas in the AGA infants (nitrogen free R = 0.970) 90% was derived from carbohydrate and 10% from fat oxidation (Table 4 ). In the SGA and AGA infants the mean metabolic rates were derived from the oxidation of 1.2 ± 0.3 and 0.6 ± 0.3 g/kg -day offat, 13.2 ± 0.6 and 13.3 ± 0.5 g/kg -day of carbohydrate, 0.73± 0.04 and 0.73 ± 0.03 g/ kg-day of protein. The hypermetabolism of the SGA infants was associated with the larger fat oxidation. The deposition of macronutrients was determined by subtraction of the amounts oxidized from the metabolizable intakes. The lower energy storage of the SGA infants was due to a significantly lower deposition of fat (4.3 ± 0.4 versus 5.4 ± 0.3 g/kg-day; P < 0.05) and protein (1.57 ± 0.12 versus 1.92 ± 0.08 g/kg -day; P < 0.05).
Composition of weight gain. Despite lower energy and nutrient accretion, the SGA infants gained weight, length, and head circumference at higher rates than the AGA group (Table I) . For each gram of weight gain, the SGA infants stored 3.0 ± 0.1 kcal and the AGA infants 4.2 ± 0.2 kcal (P< 0.001). The composition of weight gain was determined as the relative proportion of fat and protein accretion to total weight gain. As shown in Figure 2 , the fat and protein contents of weight gain were significantly lower (P < 0.001) in the SGA infants. Fat deposition accounted for 22.2 ± 1.8 versus 33.8 ± 2.5% of weight gain, and protein for 7.7 ± 0.5 versus 12.5 ± 0.8% in the sGA and AGA infants, respectively.
DISCUSSION
The studies performed in SGA and AGA VLBW infants demonstrate different metabolic responses to the diet in nutrient absorption, energy metabolism, growth , and composition of newly laid down tissue. These differences could be related to the Table 4 . Energy and macronutrient storage"
• Results are expressed as mean ± SE; NS, not significant.
t Protein = nitrogen x 6.25. minished enzymatic activity of lipase and trypsin were described (17). These animal studies offer the pathophysiological basis for our findings of relative fat and protein malabsorption in SGA VLBW infants. We found similar absorption (Table 2 ) of carbohydrate in both groups . However, with hydrogen breath tests (25) and stable isotope studies (26), it has been shown that larger proportions of lactose escape absorption in the small intestine before being fermented by colonic bacteria. In mammals (37), fecal bacteria have been found to ferment carbohydrate into rapidly absorbed volatile fatty acids. Similarly, in human adults (3), the recovery of carbon atoms and calories derived from the colonic fermentation of carbohydrate has been described. This process could explain the low recovery of carbohydrate excretion (0.05 g/kg -day) and the substantial carbohydrate depositions (2.6 and 1.8 g/kg -day), In both SGA and AGA infants, part of this retained carbohydrate may first be converted into volatile fatty acids in the colon and after absorption and chain elongation in the liver appear in the fat pool. This interconversion ofglucose carbon to fatty acid carbon is an energy-consuming process (18, 43) which might have contributed to the differences in global energy expenditure of SGA and AGA infants. Age, weight, relative organ size, growth rate, caloric intake, activity, and thermal environment are the major determinants ofmetabolic rate in infants (6, 18, 31) . We have found in preterm SGA infants a relatively higher metabolic rate (by 4.8 kcal/kgday), than in AGA VLBW infants. The hypermetabolism of the SGA infants is unlikely due to an increase in the energy cost of activity, since the higher energy expenditure persisted under resting conditions (Table 3 ) and the time spent at different levels of physical activity was similar in the two groups (Fig. I) . Furthermore, we have previously shown (31) that the cost of activity is a small component (6.8%) of the energy expenditure of VLBW infant.
The faster growth rate of the SGA infants (Table I) could be a further source of hypermetabolism as energy is expended in the organization and deposition of new tissue. When applying the figure for energy cost of growth of VLBW infants (0.67 kcal/ g weight gain), previously reported by us (6), to the 2.6 g/kg-day higher weight gain of the SGA infants, only 1.74 kcal/kg-or 36 % of the SGA infants' hypermetabolism (1.74/4.8 x 100) could be accounted for. Furthermore, the deposition of protein and fat being significantly smaller in the SGA infant (Table 4) , the energy cost of growth is an unlikely source of this hypermetabolism.
Sinclair (36) speculated that the metabolic rate of the brain, which is characteristically large in relation to body weight, might account for the hypermetabolism of the SGA infant. Others (23) similarly hypothesize that the relatively large size of the brain may be of importance in causing the relative hypermetabolism in undergrown infants with severe heart disease. From postmortem analysis of organ size in growth-retarded and normal infants (14), it is apparent that the single major organ size difference is the heavier brain weight in SGA infants. Assuming that the increased metabolic rate and V02 found in our SGA infants would be due solely to their larger brains, we calculated cerebral energy expenditure or oxygen consumption. Using indices proposed by Cooke et al. (7), brain weight was estimated in both groups (SGA, 227 ± 13; AGA, 202 ± 9 g) from mean head circumference (SGA, 29.8 ± 0.4; AGA, 27.7 ± 0.4 em). From the differences between both groups in brain weight (19.5 g/kg body weight), metabolic rate (4.8 kcal/kg-day) and V02 (0.71 nil/kg-day), the SGA infants cerebral metabolic rate and oxygen uptake were estimated as 4.8/19.5 = 0.24 kcal/g brain tissue/ day and (0.71 x 100)/19.5 = 3.6 ml O2/100 g brain tissue/min. These values are comparable to those found in children using, cerebral A-V O 2 differences (34), measurements of brain heat production (38), and nitrous oxide measurements of cerebral blood flow (21). These data show that brain metabolism accounts for 50% or more of the energy expenditure in both the AGA and SGA VLBW infants and suggest that the brain is one of the most maturation process of metabolically active cell mass, since the SGA infants were 3 weeks more mature, of similar birthweight and postnatal age at study, and had been cared for under the same conditions. The repeated studies undertaken in several infants at intervals of 1-2 weeks have not introduced a bias in the results since intraindividual and interindividual variances were similar. Little is known concerning the absorption processes in SGA -VLBW infants. We found that SGA infants had a significantly (P < 0.001) higher energy loss in excreta because of a 11-14% lower absorption of both protein and fat. However, the metabolizable intakes of energy and macronutrients were similar in both groups as the SGA infants had received slightly higher intakes (Table 2 ). Similar differences in protein absorption have been reported in a small number of comparative studies on protein turnover in SGA and AGA VLBW infants (29). Although differences did not reach statistical significance, lower protein digestibility was found in SGA compared to AGA infants consistent with our findings of protein malabsorption in the preterm SGA infant. Others (27) have shown a significant impairment of Dxylose and n-glucose absorption in growth-retarded infants over the first few weeks of postnatal life. In animals, differences in pancreatic development (9) and size of small intestine (22) have been found between growth-retarded and normal newborn rats. Fetal malnutrition caused in these animals a selective decrease in some brush-border enzymes. In postnatal malnutrition, di-important sites ofenergy utilization in these infants. Moreover our results imply that the hypermetabolism o f the SGA in fa n t is probably due to two factors: higher rate of growth and larger brain size.
The SGA infants exhibited a "catch-up" growth as they were gaining weight, length, and head circumference at faster rates than the AGA group (Table 1) . Davies (8) Letters to the editor on topics of current interest, abstracts of major society meetings worldwide, and occasional supplements on specific issues in pediatric health are also part of the package , but the hallmark of Pediatric Research is research, and lots of it. Each issue contains some 15 original articles-4 to 6 pages each-on late-breaking investigations into the most difficult problems of childhood disease. Cystic fibrosis, hypopituitarism, sudden infant death syndrome, protein intolerance, metabolic disorders, and sickle cell anemia are just a few of the subjects covered in recent issues. As advances are made in the understanding and management of these and other baffling childhood disorders, Pediatric Research will continue to be there with timely, accurate, and useful reports from leaders in the field. 
